






































































































































































































































TABLE 8

REMOVAL OF HEAVY METALS BY
PRECIPATION WITH ALKALINE MATERIALS

(Preliminary Test Results From the U.S.
Department of the Interior, Bureau of the Mines)

" Material Dosage, Metal Concentrations mg/l
Tested g/l Cu Mn 7n
Lime conditioned 1.21 <0.10 5.7 <0.10
fly ash 2.05 <0.10 0.39 <0.10

4.15 <0.10 .06 <0.10

0.62 <0.13 12.0 3.6
Coal incineration 0.625 <0.10 0.46 <0.10
fly ash 1.27 <0.10 .06 <0.10

0.27 0.22 13.9 6.9
Untreated head 10.8  15.1 12
sample
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%G

T.M. No.

81301A
8173018
g1301¢
g1301D

82006A
82010A
820108
32009A

820114
820118

820134

82014A
820148

82019¢F

B2025A

820258

Agpregate
No. ...
81752

81751 & 52
81751 & 52
81751 & 52

82008
82000 & 08
82006 & 08

82009
82009 & 06
82009 & 06

82010
82011
Composite 30%

(010) & 70% (011)

82010, 11, 06
82010, 11, 06

82013

82014

82015

Composite 40%
(013) 307 (014)
30Z (015)

82013, 014, 015

& 06

82013, 014, 015

& 06

-

AGGRECATE GRADATTONS

100
100
100
100

100
100
100

100
100
100

100
100
100
100
100
100
100

100
100

100
100

Sludge Ash

2/8"

100
100
100
100

98
98
98

98
98
98

100
100

100
100
100
96
99
97
97

97

97

/2"
95
95
95
95

92
92
92
90
90
90

100
100
100

100
100

89

89

3/8"

86
86
86
86

83
83
83

80
80
81

95
100

98
99
Y9

82
96

61
80

80

80

Lo

66
66

67
65
66
66
64
65
65

17
95

72
72
72
68

22
61

62

62

Aggregate

Aggregate

#10  #40  -#200  Source Contractor

55 23 5 Barton Total Asphalc
55 24 6 @ Lake- "

56 24 6 land "

56 25 7 " "

56 23 4 Pit #9008 C.S.

57 25 6 " McCrossan

57 25 6 " "

52 21 3 Barton Total Asphalt
53 23 5 @ Lake- "

53 23 5 land "

4 1 0 J.L. Total Asphalt
68 23 3 * Shiely "

@ Sc.

49 16 2 Cloud "

50 18 4 Y "

50 19 5 " "
56 17 3 Elk River Pit HUH. & S.

86 42 2 Anoka Pit Asphalc

13 7 2 Elk River Pit "

52 22 2

53 23 4  Elk River Pit "

54 24 5 Elk River Pit "

1™ 81301 - 82% passing #80 Sieve Sp. Gr. 2.972

All other T.M.

100% passing #80 Sieve.

to 100% passing #80 sieve.

material:

Sludge pulverized
Hydrometer analysis of pulverized
717 Stlt 16%Z Clay. '

V XIANZddV



BITUMENOUS MIXTURE PROPERTIES

Agpregate Asphalit Density * Stability * Voids #*% CWA *%%
TN Moo Spec. X Sludge Ash Contenr  Sp. Gr.* (1bs/fc3) (1bs) 0A) €3]
313014 81752 2311 0 5.2 2.373 147.9 1273 5.0 4.5
S13018 81751 & 52 2331 1 5.2 2.381 148. 4 1482 4.9 4.1
B1301C 81751 & 52 2331 2 5.2 2.377 148.1 1510 4.7 3.9
WL30LD BL751. & 52 2331 3 5.2 2.374 148.0 . 1680 5.9 3.3
SL301D, 81751 & 52 2331 3 4.8 2.354 146.7 1690 6.7 —
B13011 81751 & 52 2331 3 5.0 2.358 147.0 1559 5.8 ——
3520064 82008 2331 0 5.6 2.321 144.7 662 4.7 7.5
H2010A 82008 & 06 2331 2 5.6 2.347 146.3 1157 4.2 5.7
B20108 82008 & 006 2331 3 5.6 2.363 147.3 1463 3.4 5.3
B20094A 82009 2331 0 5.2 2.380 148.3 815 4.3, 5.0
U201 1A 82009 & 06 2331 2 5.2 2.388 148.8 1262 4.2 4.1
520418 82009 & 06 2331 3 5.2 2.412 150.3 1777 3.1 3.7
tﬂ H2013A 82010 & 11 2361 0 6.1 2.292 142.9 1770 7.0 4.5
820140 82010, 11,
& 06 2361 2 6.1 2.3732 145.3 2287 5.6 3.2
420148 82010, 11
& 00 2361 3 6.1 2. 344 146. 1 2527 5.0 3.9
320191 82013, 14
& 15 2331 0 5.7 2.307 143.8 581 4.2 6.3
320250 82013, 14,
15 & 06 2331 2 5.7 2.345 146.2 907 3.6 4.7
20258 82013, 14,
15 & 06 2331 3 5.7 2.349 146.4 1232 4.6 5.7

* ASTH D 1559 Resistance to Plastic Flow of
Bituminous Mixtures using Marshall Apparactus.

Ak OASTM D 2041 Theoretical Maximum Specific Gravity of
Bicuminous Paving Mixtures.

#%% Mo /DOT's Coild Water Abrasion Test.



APPENDIX B

Enviroscience, Inc.

CONSULTING ENGINEERS

HENNEP!N SQUARE BUILDING (612) 379-7242
2021 EAST HENNEPIN AVENUE
MINNEAPCLS. MN 55413

June 29, 1982

'

Gontlemen:

Qur firm, Eaviroscience, Inc., was recently hired by the Metropolitan Council to study
the feasibility of using sludge ash from the Metro Plant at St. Paul as a fertilizer
or as an additive to fertilizer mixes. Our firm specializes in consulting studies
which involve the fields of environmental and civil engineering.

An important part of the Metropolitan Council study is to contact fertilizer producers
and blenders in the metropelitan area to determine their potential interest in using
the sludge ash material (60-90 toms/day) as a fertilizer or fertilizer additive.

The ash as produced by the incineration of sludge at the Metro Plant is a fine (primarily
the size of fine sand and silt), granular material having a specific gravity of about
2.38.

The attached chemical analysis sheet gives a breakdown of the major constituencs in the
sludge ash. The extractable phosphorus, potassium, calcium, magnesium, manganese and
sodium are also shown in the table along with the equivalent calcium carbonate. In
zeneral, although the total phosphorus pentoxide is high, che availlable (or extractable)
phosphorus is ralatively low.

We would appreciate vour answering the few brief guestions in the enclosed form and
returning it to us the self-addressed stamped envelope. We would greatly appreciate
your prompt response s0 that we can evaluate whether this material would have a use in
fertilizer. Your respouse to the questions on the enclosed form in no way oblizates
your company to use sludge ash.

If vou would like additional information at this time regarding the scudy, please call
myself or Isaac Yomtovian at (612) 379-7242. Thank vou in advance for your assistance.

Sincerely,

Richard ¥. Anthonv, P.E.
Vice Fresident

RA/njk

Eanclosures
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RESPONSE FORM

(Please fill out and return to Enviroscience, Inc., in the self-addressed

return envelope)

Name of Firm:

Person Filling out Form:

(name)

-

(title)

Basic type of asphalt production process: pugmill

Approxmiate number of tons of asphalt mix produced:

tons per
(day, week, month or year)

Are vyou currently using mineral filler or other additives in
your asphalt mixes? yes no

Would vou like to receive more detailed technical information
regarding the properties of test samples which have incorporated
sludge ash into asphalt mixes? yes no

drum mix

Do you think that the sludge ash would have a possible use in produ&tion

of your mixes? yes no don't know

Would vou be interested in attending a general meeting in Minneapolis

in early July to learn more about the sludge ash feasibility study

and to contribute your views on the subject? vyes no
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SLUDGE ASH

DATA SHEET
1. Chemical Composition =
Silicon Oxide 27.0%
Aluminum Oxide 14.47
Iron Oxide 8.2%
Sub Total 49.6%
Calcium Oxide 21.0%
Magnesium Oxide 3.2%
Phosphorus Pentoxide 20.2%
Total 94.0%
2. Specific Gravity 2.70-- 2.95

Bulk Dry Density 45-50 1lbs/cu ft.
3. Particle Size and Distribution -
A. Without additional grinding
*70-85% passing #200
*65-80% silt (.06 - .002 mm)
%0-107% clay (£.002 mm)

B. With grinding
*100% passing #200

4, Not a Hazardous Waste

5. Shipping - Can be shipped wet (for open trucks or railroad

cars) or dry (closed trucks or railroad cars)

6. Summary of Mn/DOT's test results

Average Average Average
Mix Percent Average Percent  Stability * Voids CWA *%%
Specification Sludge Ash Asphalt Content (1bs) (%) (%)
2331 0 5.5 686 4.4 6.3
2 5.5 1,109 4.0 4.8
3 5.5 1,491 3.7 4.9
2361 0 6.1 1,770 7.0 4.5
2 6.1 2,287 5.6 3.2
3 6.1 2,527 5.0 3.9

* ASTM D 1559 Resistance to Plastic Flow of Bituminous Mixtures using Marshall

Apparatus.

%% ASTM D 2041 Theoretical Maximum Specific Gravity of Bituminous Paving

Mixtures
%%% Mn/DOT's Cold Abrasion Test
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ASFELLT ZLANT
INTERVIZW FORM

Name of Firm:

Address:

Date of Plant Visit :

Person(s) Interviewed :

Interviewer :

PLANT TYFE, CONDITICON AND OUTLOCK
(1) continuous: Pugmill Drum Mix
(2) Baten
(3) Approx. Age of Plant and Zquipment

st ——

(L) Future Qutlook for Plant Operation

projected lifetime

phase out

expansion
PEOTUCTICN RATZS AND CAFACIT
(5) Armnual Plant Procduction : tons/year (1981)
tons/year (1982, est,)
£ Approx, length of {perating Season : to

Approx. Number of Operating Days/Year :

—~ N~
C ~3
N

£) Approx. ¥onthly Production Rates (tons or ¢ of annuzl total)
April Aug,
Hay Sept,
June Oczt.
July XNov,
(9) Variabiliiy of Production Rates (word description):
daily
weskly

year=to=ysar

iuction Capacity : tons/day

(10) Maximum 3Zaily Proc
MATERIAL STOCLPILING PREACTICES

erials now brousnit inito plant?
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INTSRVIEW FOR¥ (cont.)

PCSSIZLE STCRAGE AND FEEDDING O SLULGE ASH

AT

(14) Is mineral filler currently stored and used ? Ves Yo
ge

(15) Type of storage unit{s) used

(16) Storage capzcity for mineral filler : tons

(17) Locaticen of storage unit(s)

(18) Filler feed equipment

(19) 7Tvpe of filler weighing or metering equipment

(20) would existing storage urits for mineral filler be suitabdble for

sludge ash? Yes Yo

(21) vwould existing feed eguipment be suitabdle for sludge ash?

Yes Lo

(22) 1Is thers space available in the plant complex for erecting

sludgze ash storage units? Yes Yo

(23) Is there space available in the storage yard for stocipilirg
long-term reserves of sludge ash? Tes Mo

FCLLUTICH CONTROL EUIFIZEM

L

(25) Type of dust contrecl eguipment

(29) Location of eguipmen% units in the production process

(26) Are fines recovered and rsturned to mix? Yes Xo

(27) Could sludge ash be introduced inio the production process without
reducing pollution contrsl effectiveness? Yes xo

If the answer is "Ko", describe what else would oe needed?

T

ST AT CTTRATTON
r TIRATION

-

L
(28) Type of Cperaiional Controls

matic semi-automatic mznua
< .

ludges ash be used without major acagpta he conzrol

<F

h

o

IS

o
vy
o+

I7 the answer is "Io," describe *ne changess that would zzve to e
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APPENDIX C

(Shown in Volume 1I)
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APPENDIX D

twin oty testing
ang enNaINeenng BOoOraony, Nc.
562 CROMWELL AVENUE

ST PAUL. MN S5114

PHONE  612/645-2601

REPORT OF: SLUDGE ASH CONCRETE TRIAL BATCHES

PROJECT: SLUDGE_ASH CONCRETE pate: August 16, 1982
REPORTED TO: Enviroscience Inc FURNISHED BY:
gg;Q:EagzcﬁzggeM'Anthony ComES TO: 1 - Metropolitan Council
pin Ave Attn: James Frost
Minneapolis, MN 55413 » . ros

1 - tadislay Cerny Il af Minn

LABORATORY No. 65-0474
INTRODUCTION:

This report presents the results of tests performed on concrete containing press cake

sludge ash, as submitted to us by the Metropolitan Council, St Paul, Minnescta. The

scope of our work was to batch and test concrete that had cement or fine aggregate partially
replaced with the press cake sludge ash and compare these with a control without sludge

ash. The materials used in batching the concrete were also tested. This work was requested
and authorized by James Frost of the Metropolitan Council on July 12, 1982.

CONCLUSIONS:

Based on the test results, it is our opinion that the sludge ash could be used at a

5% replacement of the cement and at a 2% batch weight replacement of the fine aggregate
without adverse effects to the compressive strength. The extended setting time should

not be a problem as long as the concrete would be placed in areas such as footings or

mass concrete placements or areas where rapid form removal is not required. The sludge ash
did not meet the requirements of ASTM:C618 specifications and therefore in order for

this material to be used in concrete, the ASTM:(C618 specifications would have tc be
modified. -

Additional tests will be required before this material can be used on a commercial basis.
Tests must be conducted to determine the freeze-thaw durability, alkalie reactivity,

dry shrinkage, abrasion resistance and the maximum allowable addition of the sludge

ash to the concrete. Statistically, the data in this report can be looked upen only
from a preliminary 2aspect as several batches of various proportions of cement to sludge
ash content must be produced in order to determine the variability and best use of this
material in concrete.

SIMMARY:
A summary of the test data is as follows:

1. The sludge ash did not meet ASTM:C618 specifications for the use of mineral
admixtures in concrete.

2. The cement and aggregate met the ASTM:C150 and ASTM:C33 specifications, respectively.

A3 A MUTUAL PROTECTICN TO CLIENTS, THE PUBLIC AND OURSELYES, ALL REPOATS ARK SUBMITTED A3 THZ CONFIDENTIAL PROPTRTY OF CLIENTS., AND AUTHMOR.
(ZATIAN FOM PUBLITATION OF ITATIMINTZ, CONCLUNITNE OF IXTAACTS 7ROM CF ¥ITATIING SLR AZrGHIS '3 Re¥EAVED AEND MG UUX Wa .TLh 2PPACYAL.
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Cuwin city testing
ano enqineesning latoratory, iInc.
552 CROMWELL AVENLE
ST PAUL. MN 33114
PHONE  612/545-3601

REPORT OF: SLUDGE ASH CONCRETE TRIAL BATCHES

oaTe: August 16, 1982

LABORATORY No. 6-0474 PAGE: 2

TEST PROCEDURES:

The press cake sludge ash as received was ground to 95% passing the #200 sieve. The
ground material was tested for physical requirements according to the specifications
outlined in ASTM:C618 for testing of fly ash and raw or calcined natural pozzolan for
use as a mineral admixture in portland cement concrete. The concrete aggregate was
tested to meet ASTM:C33-81 specifications for concrete aggregates. The mill test
report data for the cement used in the testing is attached in the Test Results portion
of this report.

Four concrete trial batches were made using 1) & control batch without sludge ash;
2) a 5% cement replacement by weight with the sludge ash; 3) fine aggregate replaced
using 2% of the total batch weight replaced by the sludge ash; and 4) fine aggregate
replacement using 4% of the total batch weight replaced by the sludge ash.

The concrete was batched and tested in accordance with ASTM:C192 procedures. Nine

4" x 8" compression cylinders were cast per batch and were tested in sets of three
at 3, 7 and 28 days.

TEST RESULTS:
The test results concerning the concrete batches and matarials used are as follows:

Test of Sludge Ash (ASTM:C618) -

Sample Identification: Press cake sludge ash ASTM:C5138
SPECIFICATIONS
Date Received: 7-12-82 o Class F Class C
Percent Passing #200 Sieve: g5
Fineness
Petained on #325 Sieve, % 11.8 Max 34 Max 34
Specific Gravity, % 2.77

Pozzolanic Activity Index
With Portland Cement (%)

Ratio to Control @ 28 Days 65.7 Min 75 Min 75
With Lime @ 7 Days (psi) 530 Min 800 Min 800
Water Requirement, % cf Control 104 Max 105 Max 105
Soundness
Autoclave Expansion (%) 0.02 Max 0.8 Max 0.8

*Huron Tyge I Portland Cement was used in all tests when applicable.

AS A MUTUAL PROTECTION TD CLIZNTS, THE PUBLIC AND OURSZLVES, ALL REFORTS ARE SUSMITIIO Ad THE CONFIDENTIAL PROFERTY OF CLIENTS. ANO AUTHOR.
JZATION FOR PUBLICATION OF STATEMENTS. CONCLUSIONS OR EXTRACTS FROM OR REGARLCING OUR REPORTS |5 XRESERAVED PENDING OUR WRITTIN APPROVAL.
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Cwin city tasting
ano enqinasnng Iataratorny, nc.
§62 CROMWELL AVENUE
ST =2auL, MN 55114
P=ONE  612-645.2601

REPORT OF: SLUDGE ASH CONCRETE TRIAL BATCHES
paTz: August 16, 1982
LABORATORY No. 6-0474 PAGE: 3
TEST RESULTS: (cont) .

Test of Cement (ASTM:C150) - As taken from the cement lot mill test report as presentad
by the National Gypsum Ccmpany

Physical Analysis - ’ ASTM:C150, TYPE I

SPECIFICATIONS

Time of Set {Gillmore)

Initjal Set 3 hrs 35 min Min 1 hr

Final Set 5 hrs 40 min Max 10 hrs
Air Content 10.23% | Max 12%
Soundness 0.036% Max 0.80%
Specific Surface {Blaine) 4483 <q an/g Min 2800 sq an/g
Compressive Strength

3 days 3243 psi Min 1800 psi

7 days 4351 psi Min 2800 psi

Chemical Analysis -
Alkalies (NapQ + 0.658K»0) 0.65 Max 0.60%*
**These optional limits apply only when specifically requested.

Test of Aggrecats (ASTM:C33) -

Type of Aggregates Shiely concrete sand  ASTM:C33
SPECIFICATIONS
Mechanical Analysis (ASTM:C136) )
Passing 3/8" 100% 100%
#4 98 95-100
8 93 80-100
16 76 50-85
30 45 25-60
50 15 10-30
100 3.3 2-10
Fineness Modulus 2.7 2.3-3.1 {(Max Var. 0.20)

Deleterious Substances:
Clay Lumps & Friable Particles 0.
(ASTM:G142)
Material Finer than #200.(ASTM:C117) = 1.3 Max 5.0% (3.0% for concrete
© subject to abrasion)

Maximun 3.0%

oy

A4S A MUTUAL PROTECTION TD TLIENTZ. THE PUBLIC AND OURSELYES. ALL REFORTS ARE SUSMITTED AS THE CONFIDENTIAL PROPERTY OF CLIENTE. AMD AUTHOR.
IZATION FOR PUBLICATICN OF STATEMENTS. CONCLUBIONS OR EXTRACTS FROM CR REGAROING OUR REPOATS IS AESERYED PENDING QUR WRITTEN APPROVAL.
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twin oity testimng
ano enqiNeenng laDOrator, Inc.

852 CROMWELL AVENUE

M ST PAUL MM 35118
PRONE  312°545-360!

REPORT OF: SLUDGE ASH CONCRETE TRIAL BATCHES

pate: August 16, 1982
LABORATORY No. 6-0474 PAGE: 4
TEST RESULTS: (cont)

Test of Aggregate (ASTM:€33) - (cont) ASTM:C33
SPECIFICATIONS
Lightweight Particles (Specific Gravity under 2.00, ASTM:C123)
Coal and Lignite None Max 1.0% (0.5% appearance
Shale 0.3 of concrete is important)
Total 0.3
Organic Impurities {ASTM:C40) Lighter than Plate #1 . Plate 3 or Lignter
Specific Gravity (B.0.D., ASTM:C128) 2.64
Absorption (%, ASTM:C128) 1.0
Test of Coarse Aggregate [ASTM:C33) - ASTM: C33
SPECIFICATIONS
Type of Aggregate 3/4" gravel

Mechanical Analysis (ASTM:C136)

Sample Number 1 3/4"-44
Sample Size 3/4"-#4
Passing 1° , 100% 100%
3/4 95 90-100
1/2 64 -
3/8 42 20-55
#4 5.6 0-10
8 1.2 0-5
Fineness Modulus 6.56
CLASS DESIGNATION
Deleterious Substances: MAXIMUM ALLOWABLE (%)
45
1. Clay Lumps & Friable Particles 0.1 3.0%
(ASTM:C142)
2. Soft Particles (ASTM:C235) 0.5%
3. Chert (Specific Gravity under 0.1% 5.0%
2.40)
4, Sum of 1 & 3 above 0.2% 5.0%
5. Material Finer than #200 0.3 1.0%
(ASTM:C117)
6. Lightweight Particles (Sp. Gr.
under 2.0, ASTM:C123)
6A. Coal and Lignite None 0.5%
68. Shale . Trace
6C. Total Trace
7. Iron Oxide 0.3%

AS A MUTUAL PROTECTION TO CLIENTS. THE PUSLIC AND QURSELYES. ALL NEPORTS ARE SUBMITTED AS TWE CONFISENTIAL PROPERTY OF CLIENTS. AND AUTHOR-
IZATION FOR APUBLICATION OF STATEMENTS. CONGLUSIONS OR EXTRACTS FROM OR RESAACING SUR REPORTS [S AELIERVED SENDING OUR WRITTEN ASRRCVAL.
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Cwin City testing
ana enaineenng iaboracory, inc.
562 CROMNELL AVENUE
ST PAUL MN 35114
IHONE  §12:645.2601

REPORT oF: SLUDGE ASH CONCRETE TRIAL BATCHES
LABORATORY No. 6-0474 .
TEST RESULTS: ({cont)

Test of Coarse Aggrecate (ASTM:C33) - (cont)

Specific Gravity (B.0.D., ASTM:C127) 2.66
Absorption (%, ASTM:C127) 1.0

Concrete Trial Batches -

Specifications:
Mix Nunber 1 (Control) 2

Ash Replacement No sludge 5% cement

ash replacement
Size of Coarse Aggregate 3/4"-#4 3/4"-3
S]ump KR L 3h.44

Materials:

Cementitious Materials
Gypsum Company (ASTM:C150)

paTE: August 16, 1982

PAGE:

3

4

Fine aggregate Fine aggregate
replacement by replacement by
2% batch weight 4% batch weight

3/4"-#4
31!_41:

3/4"-#4
3“_4"

A. Huron Type I Bulk Portland Cement furnished by National

B. Press cake sludge ash furnished by Metrcpolitan Council

Fine Aggreqate
Coarse Aggregate

Batch Weight (oven dry basis):

Cementitious Materials

A. Type I Portland 517# 491#
B. Sludge Ash 0# 26#
Total 5174 517%

Fine Aagregate 1415# 1423#
Coarse Aggregate (3/4"-#4) 1750# 1750#
Water, Net (% of control) 287#(100) 280#(98)
W/C Ratio (W/A+B) 0.56 0.54
Slump : 4" 3172
Air Content 2.4% 1.6%
Temperature 68°F 73°F
Unit Weight 148.78 pcf 148,78 pcf
Yield 25.9 ft3

26.9 ft3

517%

804

597#
13454
17504
305#(106)
0.51

3“

1.6%

73°F
149,19 pcf
27.0 ft3

Sand furn by J L Shiely Co, Nelson Plant (ASTM:(33)
Gravel furn by J L Shiely Co, Nelson Plant (ASTM:C33)

" 5174

150#
6774

12653
1750%
323#(113)
0.48

3 1/2"
1.3%

73°F
148.40 pcf
27.2 13

A8 A MUTUAL PROTECTION TO CLIENTS. THE PUBLIC AND QUASELVES, ALL REPORTS ARE SUBMITTED AS THE CONFIDENTIAL PROSERTY OF CLIENTS, ANO AUTMOR.

IZATION FOR PUBLICATION SF STATEMENTS, CONCLUSIONS OR EXTRACTS FROM CR REGARCING SUR REPIRTS IS RESEAVED
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twin citwy testing
anda 2anaNeenng laboratory, INc.

662 CROMWELL AVENUE

. ST PAUL. MN £3114
PHONE  §12:645.2601

reporT ofF:  SLUDGE ASH CONCRETE TRIAL BATCHES

oaTe: August 16, 1982

LABORATORY No. 6-0474 PAGE: 6
TEST RESULTS: (cont) . .

Concrete Trial Batches - {cont)

Time of Set (ASTM:C403) -

Mix Number 1 2 3 4
Initial Set {hrs) 4.2 6.5 9.9 11.6
Final Set (hrs) 5.6 8.6 12.2 13.8

Compressive Strength - (4" x 8" cylinders, ASTM:C39) (% of control)

Mix Number 1 2 3 4
3 Day Test 100.9 98.0 96.2 83.3
7 Day Test 100.0 98.5 99.6 65,2
28 Day Test 100.0 98.9 100.0 72.8
REMARKS :

If you have any questions concerning this report, or if we may be of further assistance
to you, please contact us.

TWIN CITY TESTING AND
ENGINEERING LABCRATORY INC

Steve H Kosmatka, Civil Engineer
Construction Materials Department

ZM7 &t

J Pashina, P.E.
Manager, Construction Mater{als Dept

SHK:BJP:ma

AS A MUTUAL PROTECTION TO CLIENTS., THE PUSLIC AND QURSELVES, ALL REPORTS ARE JUBMITTED AS TWE CONFIOINTIAL PROPEATY OF CLIENTS. AND AUTHOR-
IZATION FOR PUBLICATION OF STATEMENTS, CONSLUSIONS OR EXTRACTS FRCM OR RESARDING OUR AT®OATS 1§ RESZRVED PENDING OUR ARITTEN APPROVAL.

67




APPENDIX E

Enviroscience, Inc.

CONSULTING ENGINEERS

HENNERIN SQUARE BUILDING (612) 379-7242

202! EAST MENNEPIN AVENUE

WINNEAPOL'S. MN 55413

June 29, 1982

Gentlemen:

Our firm, Enviroscience, Inc., was recently hired by the Metropolitan Council to study
the feasibility of using sludge ash from the Metro Plant at St. Paul as a fertilizer
or as an additive to fertilizer mixes. Our firm specializes in consulting studies
which involve the fields of environmental and civil engineering.

An important part of the Metropolitan Council study is to contact fertilizer producers
and blenders in the metropolitan area to determine their potantial interest in using
the sludge ash material (60-90 tons/day) as a fertilizer or fertilizer additive.

The ash as produced by the incineration of sludge at the Merro Plant is a fine (primarily
the size of fine sand and silt), granular material having a specific gravity of about
2

The attached chemical analysis sheet gives a breakdown of the major constituents in the
sludge ash. The extractable phosphorus, potassium, calcium, magnesium, manganese and
sodium are also shown in the table along with the =quivalent calcium carbonate. In
general, although the total phosphorus pentoxide is high, the available (or extractable)
phosphorus is relatively low.

We would appreciate your answering the few brief questions in the enclosed form and
retutning it to us the self-addressed stamped envelope. ¥We would greatly appreciate
your Prompt response so that we can evaluate whether this material would have a use in
fertilizer. Your response to the questions on the enclosed form in no way obligates
your company to use sludge ash.

If vou would like additional informativn at this time regarding the study, please call
myself or Isaac Yomtovian at (612) 379-7242. Thank veou in advance for your assistzace.

Richard M. Anthoay, 2.E.
Vice President

s s
RMA/nik

Eaclosures
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RESPONSE FORM

(Please fill out and return to Enviroscience, Inc., in the self-addressed
return envelope)

Name of Firm:

Person Filling out Form:
(name)

(title)

Type of Plant: Fertilizer Producer

Storage and Distributor

Other

Approximate number of tons of fertilizer produced;

tons per
(day, week, month or year)

Would you like to receive more detailed technical
information? vyes no

Would you like to receive a sample of the sludge ash
material? vyes no

Do vou think that the sludge ash would have a possible
use in your fertilizer mixes? vyes no don't know

Would you consent to a plant visit by a member of our staff to
discuss the use of sludge ash in your fertilizer mixes?
yes no

69




RESULTS OF
CHEMIGAL ANALYSIS

CHEMICAL COMPOSITION: (%)

[\
~

Silicon Oxide (5107) .03
Aluminum Oxide (A1203) 14.36
Iron Oxide (Fe,04) 8.22
Total 49.61
Sulfur Trioxide (SOj) 0.84
Calcium Oxide (CaO) 20.97
Magnesium Oxide (MgQ)* 3.21
Moisture Content . 0.086
Loss on Ignition 0.20
Available Alkalies as NayD* 0.516
Available Sodium Oxide as Naj) 0.305
Available Potassium Oxide as K50 0.320
Total Alkalies as Naj0 0.882
Total Sodium Oxide (Naj0) 0.467
Total Povassium Oxide (K,0) 0.631
Barium Oxide (BaO) 0.297
Strontium Oxide (Sr0) 0.018
Phosphorus Pentoxide (P;0g) 20.20
Titanium Dioxide (TiOj) 2.85
Total Chemical Composition 99.29
Extractable Potassium 183 PPM (Parts Per Million)
Extractable Calcium 2,757 PPM
Extractable Magnesium 432 PPM
Extractable Sodium 70 PPM
Extractable Manganese 14 PPM
Calcium Carbonate Equivalent 8.51%
Brady's {#1 Phosphate 6,740 PPM (As Phosphorus)
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§§2;g§%; | APPENDIX F
AP GREEN REFRACTORIES CO.

FIEXICO MISSOURT 65265 U.S.A, PHONE: 314 4775 o CAae A oer

April 23, 1982

Metropolitan Council
300 Metro Square Building
Saint Paul, MN 55101

Attention: Mr. Carl J. Michaud
Environmental Planner

Gentlemen:

We have studied your letter of April 19, 1982 and have concluded that
we would not have any interest in this material. There are too many
so-called impurities in it for our use. '

Some of our people have commented that a possible potential might be
as a fertilizer.

Thanks, however, for contacting us.

Yours very truly,

Ly

/ ) . ’ ' .
v » // //
\ ) "/*/'J to <
% IR A (PR

K 3 \’
George E. Brinkerhoff ;' /'
Manager - Technical Services

GEB/gjb
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APPENDIX G
United States Department of the Interior
BUREAU OF MINES

ITWIN CITIES RESFARCH CENTER
5629 MINNEHAHA AVENUE SOUTH
MINNEAPOLIS, MINNESOTA 55417

June 8, 1982

Mr. James L. Frost, P.E.

Metropolitan Waste Control Commission
300 Metro Square Building

St. Paul, Minnesota 55101

Dear Mr. Frost:

Enciosed are the test results of some preliminary work done on the
lime-conditioned sludge ash. For the sake of comparison, similar tests were
done on a western coal fly ash, As we discussed on May 24, 1982, the Zimpro
process sludge ash unfortunately was not effective in removing heavy metals.
However, the lime-conditioned sludge ash performed well enough to merit
further consideration. Hopefully we can get back to you with further
developments later this summer.

Thank you again for your help in sending the ash samples and the accompanying
data. '
Sincerely yours,

1,

. , //" K

DANIEL N. TALLMAN, Research Chemist
Mine Hydrology

Mine Wastes and Leaching Processes
Twin Cities Research Center

Enclosure
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REMOVAL OF HEAVY METALS BY PRECIPITATION WITH ALKALINE MATERTALS

Dosage, | Metal concentrations, mg/l

g/1 Cu Mn zZn
Lime conditioned 1.21 <0.10 5.7 <0.10
fly ash

2.05 <0.10 0.39 <0.10

’

4,15 <0.10 .06 <0.10

0.62 0.13 12.0 3.6
Coal incineration 0.625 <0.10 0.46 <0.10
fly ash

1.27 <0.10 .06 <0.10

0.27 0.22 13.9 6.9
Untreated head - 10.8 15.1 12
sample
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